Abstract
role for altered IgA1 glycosylation in the pathogenesis of IgA-associated glomerulonephritis.
Subjects and methods

Materials
All chemicals were purchased from Sigma Chemical Co, Poole, UK, except where otherwise specified. Antibodies and buffered 1,2-phenylenediamine dihydrochloride (OPD) tablets were purchased from Dako, Amersham, UK, and biotinylated Vicia villosa lectin and peroxidase-conjugated avidin D from Vector Laboratories, Peterborough, UK.
Subjects and samples
Details of the patient and control groups are given in Table 1 .
Paediatric subjects HSP:
Of 24 children with HSP nephritis (HSPN ), half had undergone renal biopsy, and the rest had unequivocal clinical evidence of renal disease: persistent proteinuria and/or haematuria with or without impairment of renal function. The 22 children with HSP but no nephritis (HSPN 0 ) all had a clinical diagnosis of HSP, but no proteinuria, haematuria, hypertension or renal impairment.
PSGN: seven children with acute nephritic syndrome due to post-streptococcal glomerulonephritis were also studied. none were receiving immunosuppressive treatment at the time of study and none had moderate or severe renal impairment (serum creatinine <150 mmol/l in all cases).
to lectin binding. This interpretation of our data is
Non-IgA GN: 11 patients in whom a renal biopsy showed consistent with the findings of other investigators mesangial proliferative glomerulonephritis without IgA deposition were also studied.
[5-7,9], though more detailed structural information
Control: 22 age and sex-matched adult controls were is still required to confirm precisely the glycan abnorhealthy volunteers recruited from hospital staff. mality of IgA1.
Venous blood was obtained from the subjects with Altered O-glycosylation of IgA1 has the potential to informed consent. The serum was separated from the blood affect the interactions of the molecule in various ways. samples and stored in aliquots at −20°C. It may compromise the efficiency of hepatic clearance of circulating IgA1 by the asialoglycoprotein receptor Preparation of ammonium sulphate precipitates which displays high affinity for O-linked glycans [12] . Furthermore, altered IgA1 O-glycosylation may favour Aliquots of 200 ml serum were added to 200 ml 56% ammomesangial deposition or the initiation of glomerular nium sulphate in PBS, rotated for 1 h at ambient temperature, inflammatory processes by promoting self-aggregation and centrifuged for 20 min at 10 000g. The supernatants were [13] , or interaction of IgA1 with extracellular matrix discarded and the precipitates redissolved in 1 ml PBS. components, Fca receptors expressed by leucocytes and mesangial cells, and with complement.
IgA ELISA In this study, we report that the O-glycosylation of serum IgA1 is abnormal in adults and children with The IgA concentration of the ammonium sulphate precipitate HSP nephritis, but not in subjects with other glomer-samples were measured by sandwich ELISA. Briefly, 96 well ular diseases. Furthermore in children with HSP but immunoplates were coated with 100 ml per well rabbit antiwithout apparent renal involvement IgA1 glycosylation human IgA in 0.1 M carbonate/bicarbonate buffer, pH 9.6, overnight at 4°C. The plates were washed four times in is normal, an observation which lends support to a washing buffer (PBS/0.3 M NaCl/0.1% Tween 20) using an detected. Specificity of IgA capture by the anti-IgA coated plates was checked by the binding of anti-IgG and anti-IgM, automated plate washer (Denley, Billingshurst, UK ), and excess protein binding sites blocked with 100 ml/well 2% which was negative in both cases.
Specificity of VV lectin for GalNAc was demonstrated by bovine serum albumin (BSA) in PBS for 1 h at ambient temperature. After further plate washing, the samples, appro-inhibition of lectin binding by co-incubation of the lectin with GalNAc, Gal, N-acetyl glucosamine (GlcNAc) and priately diluted in PBS, were applied to the plates at 50 ml/well in duplicate, and standard curves constructed on each plate glucose (Glc) at a range of sugar concentrations from 20 mM to 0.02 mM. with serial dilutions of a human immunoglobulin calibrator (The Binding Site, UK ). The plates were incubated overnight at 4°C, washed again, and 50 ml/well horseradish peroxidase-Calculation of the results conjugated rabbit anti-human IgA diluted in PBS applied for 2 h at ambient temperature. After final washing, the The mean absorbance of each sample was calculated from colour was developed with 50 ml/well OPD substrate solution the duplicates. Since the absorbance values obtained varied with 0.4% v/v 30% H 2 O 2 , stopping the reaction after 10min between assays according to the time the substrate was with 75 ml/well 1M H 2 SO 4 . The absorbance of the wells at allowed to develop, a series of normal samples run in each 492 nm was read with an automated plate scanner (ICN assay were used to provide a standardization factor by which Flow, Rickmansworth, UK ), and the IgA concentrations of the samples were adjusted to compare results obtained on the samples read from the standard curve for each plate. different occasions. The lectin binding results were expressed as arbitrary units (AU ). Intra-assay coefficients of variation (CVs) were calculated from replicates of one sample run on Vicia villosa lectin binding assay one plate, and on different plates within the same assay run. Immunoplates were coated with anti-IgA and blocked with BSA as described above. Diluted samples were applied to Statistics the plates at 50 ml/well in duplicate, and incubated overnight at 4°C. After washing, the plates were incubated at ambient Mean lectin binding results for the various patient and temperature for 2 h with 50 ml/well biotinylated VV lectin at control groups shown in Table 1 were compared by Student's 1 mg/ml in PBS, washed again, and incubated for a further t-test. 2 h at ambient temperature with 50 ml/well peroxidase-avidin at 2.5 mg/ml in PBS. The colour was developed and the absorbances read as described for ELISA above.
Results
In order to establish the sample IgA concentration at which the IgA binding capacity of the plates was saturated,
Calibration of the assay system
but no significant non-specific binding of other serum proteins occurred, the lectin binding of serial dilutions of ammo-The intra-plate CV for this assay was 3.0%, and the nium sulphate precipitates prepared from a normal serum inter-plate CV 5.2%.
sample and serum from a patient with total IgA deficiency Dose response sugar inhibition curves were conwas measured as described above. In the light of these results, structed to demonstrate the specificity of VV lectin the test samples were diluted to achieve IgA concentrations binding to IgA in this assay system ( Figure 2 ), and of 10-100 mg/ml, since within this range the lectin binding showed that VV binding was highly sensitive to to the normal sample was constant. When the IgA deficient sample was diluted by a similar factor, no lectin binding was GalNAc inhibition. At the 50% inhibition level, ] (P=0.004), children with lectin binding to IgA. GalNAc is 125-fold more potent as an post-streptococcal GN (P=0.002), or control children (P=0.005). inhibitor than Gal; GlcNAc and Glc do not reach 50% inhibition The IgA1-VV binding did not differ between the latter three groups. levels.
GalNAc was 125-fold more potent that Gal, while GlcNAc and Glc did not inhibit to this degree at all.
Samples
The samples were applied to the anti-IgA coated plates at saturating concentrations, so that the wells captured a constant amount of IgA from each sample. VV lectin binding did not correlate with IgA concentration in any of the subject groups (data not shown).
VV lectin binding in paediatric and adult controls and HSPN patients
IgA1 lectin binding was significantly higher in adult controls than paediatric controls (4.7±0.14 vs 4.1±0.10 AU, P=0.002), but the lectin binding of IgA1 from adults with HSPN did not differ from that of children with HSPN (5.3±0.18 vs 5.5±0.43, P= NS). Both adult and paediatric HSPN patients showed Fig. 4 
VV lectin binding of IgA1 in paediatric subjects
IgA1 from children with HSPN showed significantly raised VV lectin binding than IgA1 from children with Discussion HSPN 0 , PSGN, and control children. The lectin binding of IgA1 from children with HSPN 0 , or PSGN did This study confirms our previous findings of increased not differ from the controls ( Figure 3) . binding of Vicia villosa lectin to the O-linked glycans of serum IgA1 in IgA nephropathy [8] . Serum IgA1 VV lectin binding in adult subjects from both adults and children with HSPN also displayed raised lectin binding in comparison to matched IgA1 from both adults with HSPN and with IgAN showed significantly higher lectin binding than IgA1 control groups. This finding strengthens the evidence for a common pathogenic basis to mesangial IgA1 from subjects with non-IgA GN or control subjects; lectin binding of IgA1 from non-IgA GN did not differ deposition and the subsequent development of glomerulonephritis in IgAN and HSPN. from controls ( Figure 4 ).
